
Estimating the Upper Limits of U.S. Power Plant 
Waste Heat Driven Forward Osmosis

Daniel B. Gingerich, 1 Xingshi Zhou, 2 Meagan S. Mauter  1,2
1Department of Engineering and Public Policy, Carnegie Mellon University, 5000 Forbes Ave., Pittsburgh, PA 15213

2Department of Chemical Engineeering, Carnegie Mellon University, 5000 Forves Ave., Pittsburgh, PA 15213  

Acknowledgements
This material is based upon work supported by the Department of Energy under Award 
Number DE-FE0024008.  This work was supported by the National Science Foundation 
under awared number SEES-1215845.  The authors would also like to thank Dr. Noah 
Meeks and Tracy Underwood with Duke Energy and Georgia Power’s Water Research 
Center for their invaluable discussions on power plant water and wastewater treatment.DG 
also acknolwedges support from The Pittsburgh Chapter of ARCS Foundation (Achievement 
Rewards for College Scientists), the Steinbrenner Graduate Fellowship, the Phillips & Huang 
Family Foundation Fellowship, and the CMU Graduate Student Assembly and Provost 
Office’s GuSH Funding.  XZ also acknowledges support from the CMU Graduate Student As-
sembly and Provost Office Conference Travel Funding Grant.

Disclaimer
This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor any 
of their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights.  Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its en-
dorsement, recommendation, or favoring by the United States Government or any agency 
thereof.  The views and opinions of authors expressed herein do not necessarily state or re-
flect those of the United States Government or any agency thereof.

Introduction
 - Forward osmosis (FO) that uses a natural osmotic gradient between      
   a feed stream and a more concentrated draw solution to produce 
   clean water. [1]
 - If this draw solute is a thermolytic salt the draw solution can be 
   regenerated with low temerpature waste heat. [2]

 - The abiltiy to use waste heat is what gives FO its advantage. [3, 4]
 - To date no one has studied the technical feasibiltiy of this 
   arrangement.

Estimating US Power Plant Waste Heat Production

 - Power plants are only about 30% efficient at converting heat into 
   electricity, the rest is discharged as waste heat, some of which is 
   recoverable. [5]
 - Using publically available data we can estimate how much heat is 
   discharged and at what temperature.
 - We can also model heat transport to understand techno-economic 
   limiations on waste heat availability.

.

 - 19 billion GJ of recoverable heat was discharged in 2012, but only 
    900 million GJ is potentially useful exhaust heat. [5]

Results

 - 1.9 billion cubic meters of water could be produced with waste heat 
   driven FO, equivalent to US household water use for 3 weeks.

 - Most of the costs of FO are capital costs associated with the large 
   membranes required for the process.
 - FO also offers around a 90% reduction in carbon emissions 
   compared to reverse osmosis, currently used in these processes.

Conclusions

 - Transport limits the produciton of this water to on site for most 
   systems.
 - FO is capable of meeting on site high-quality water needs at coal 
   and natural gas plants.
 - Natural gas gas turbines with their large transport range are the only 
   feasbile candidates for off-site water produciton
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Estimating Heat Needed for Forward Osmosis

 - Previous work [6] found that distillation at atmospheric pressure is 
   the most energy efficient for forward osmosis, at ~ 410 MJ/m3.

 - By combining this with our estimates of waste heat we can calculate 
   FO production


